o S
N

Injector

electron cloud BNLEIC
mitigators at
cryogenic
temperatures

SEY properties of
\,

Marco Angelucci

LNF-INFN, Via E. Fermi 54, 00044
Frascati (Rome), Italy

<R

Istituto Nazionale di Fisica Nucleare



=

Electron
Injection
Line

lectron N

Electron
Cooler

Injector
Linac

BNL-EIC

Polarized
Electron
Source

Possible
Detector
Location

Possible /
Detector /
Location Electrons
Electron
Injector (RCS)
(Polarized)

lon Source

Table 1.1: Maximum luminosity parameters.

Parameter hadron electron
Center-of-mass energy [GeV] 104.9

Energy [GeV] 275 10
Number of bunches 1160
Particles per bunch [10] 6.9 172
Beam current [A] 1.0 25
Horizontal emittance [nm] 11.3 20.0
Vertical emittance [nm] 1.0 1.3
Horizontal B-function at IP B} [cm] 80 45
Vertical g-function at IP B [cm] 7.2 5.6
Horizontal / Vertical fractional betatron tunes 0.228/0.210 0.08/0.06
Horizontal divergence at IP ¢}, [mrad] 0.119 0.211
Vertical divergence at IP 0;, [mrad] 0.119 0.152
Horizontal beam-beam parameter ¢ 0.012 0.072
Vertical beam-beam parameter ¢, 0.012 0.1
IBS growth time longitudinal /horizontal [hr] 29/2.0 -
Synchrotron radiation power [MW] - 9.0
Bunch length [cm] 6 0.7

Hourglass and crab reduction factor [17]
Luminosity [103* cm=2s7!]

0.94
1.0
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Introduction

* The highest luminosity of L = 1 x 103 cm™ s is achieved due to the large

circulating electron and proton beam currents distributed over as many as 1160
bunches.

* The short spacing between the high-intensity bunches of the EIC favours the
electron cloud build up which can lead to:

e vacuum degradation;
* beam instabilities;

* emittance growth; e-cloud
* excessive heat load; - . .
. otc mitigation iIs

crucial
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Introduction (Mitigation Strategy)

In the non-cryogenic (warm)
sections, the electron cloud
can be mitigated by using
non-evaporable getter (NEG)
coating.

4.55 K He flow

Insulator

Coils

Beam tube — | /' Screen wedges

Beam screen
(SS316LN)

Top and bottom
laminate yoke

To avoid high RW heating
and electron cloud, a beam
screen (BS) will be installed
in the beampipe of the RHIC @ (b)

Spacers

Static liquid He - at
four spaces

0.000
0,050 0.150 Containment vessel

. EIC CDR 2021
Su perconductmg magnets.
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EIC HSR beam
screen

Mmust ensure:




EIC HSR beam
screen

——— 4.55 K He flow

will made of: -

Beam tube —— : Screen wedges

\\ Top and bottom Beam screen
laminate yoke (SS316LN)

¥
>

Spacers

Static liquid He — at
four spaces

N\
0.200(m) \\

\ .
~—— Containment vessel

(@) (b) EIC CDR 2021
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Heat Load on the BS (SS + OFHC copper)

* The OFHC copper has a conductivity that is O e coR 2021
several orders of magnitude larger than 316LN | .
stainless steel at 4 K, leading to smaller RW 10 i

- -
-
-
-

impedance and dynamic heat load expected
from beam-induced currents.

 The electron cloud starts for SEY values above

b N

Heat Load [W/m]
= 3

-
&
w

=& Maximum Luminosity -- Dipole
- & =Maximum Luminosity -- Quadrupole | ]
=%=Initial Luminosity -- Dipole

== |nitial Luminosity -- Quadrupole

—_
-
£

1.1 1.2 1.3

e-cloud mitigator with SEY< 1.02

1.4 1.5 1.6 1.7
SEY

Heat load as a function of SEY for the EIC proton beams
for initial and maximum luminosity scenarios
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EIC HSR beam
screen * Low SEY coating. (a-C)

— 4,55 K He flow

will made of: e

Beam tube Screen wedges

Top and bottom Beam screen
laminate yoke L (SS316LN)
Spacers !

Static liquid He — at
four spaces

0.200(m) ™\,

0.050 0.150 ~—— Containment vessel

(a) (b) EIC CDR 2021
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Heat Load on the BS (SS + OFHC Cu + a-C coating)

* a-C film deposited on the copper s EICCDR 2021
surface. (SEY < 1.02)
100.
. ) E
* The thickness of the a-C film can s
have significant impact on the RW g
impedance. |
* 102
—&— Warm_SEY
—»— Dipole_SEY
10~3 —#— Sextupole SEY
—&— Quadrupole_SEY

1.1 1.2 1.3 1.4 1.5
Minimum Thickness of a-C coating =
Heat load as function of SEY for maximum luminosity

scenario including a beam offset of 14 mm.
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Studies of SEY of Cu with thin a-C coating

thermal evaporation from graphite rod

photon source ener,
+ X-ray tube B0\

. + UV Iamp A

. . + Synchrotron \

o . electron / l
XPS analysis

pron 5 ‘ 1 /
% Z / J
K g\ hv B “/ P
e

(Coverage Estimation)

|-
N
|
\

C1s

SE e ——Clean 3

’ SE ——18min 3

S E ——60min 3

SEY measurements < —— 180 min 3
= —330 min 3

oF E

L£E E

= ST T T N T T T O B A Y AR

Minimum thickness evaluation 1000 80 60 400 200 0
Binding Energy (eV)
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Minimum thickness of a-C coating on Cu

XPS estimation of Coverage

Carbon Coverage (nm)
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M. Angelucci et. al; Phys. Rev. Research Rapid comm. 2, 032030(R) (2020)
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Minimum thickness of a-C coating on Cu

SEY Evolution

EY (5)

0.2
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Primary Energy (eV)

AU

Low coverage ( < 6 nm):

Strong SEY modification

4

A\

/High coverage (> 6 - 8 nm):

Stable o,,,, <1

Low variation in the low ( <50 eV) and
high (>500 eV) regions

»

4

M. Angelucci et. al; Phys. Rev. Research Rapid comm. 2, 032030(R) (2020)
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SEY

1.6

1.0f
0.8 f
0.6 §
- CU @ RT a
0.4 —— Cu@ 10K 3
i —— Cu@ 10K + Cont. (< 0.3 ML) E
: —— Cu@ 10K + Cont. CO (< 0.5 ML) 3
0.2} —— Cu@ 10K+ CO (~ 1ML) 3
o_o I UPTITU[TITI [TTTI [YTTPTTYUCRTA (AATA (RRTITATICRITU AT (VYU ARTIIITI AT AOITUCOOTUI 1

1.4

1.2

SEY variation at Cryogenic Temperature

0 200 400 600 800
Energy (eV)

SEY

ll]lllllllll]llllIllll]llllIllll]lllIIllll]lllllllll]lllllllll]llllIllll]llllIllll]lllllllll]llll'llll]ll

1.1

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0.0

nuln

—— Cu @RT
— Cu@ 10K
—— Cu@ 10K + Cont. (< 0.3 ML)

— Cu@ 10K + Cont. CO (< 0.5 ML)
—— Cu@ 10K+ CO (~ 1TML)

wlonbetnebdde bt bbb oo bt bl

Energy (eV)

L. A. Gonzalez et al., AIP Adv. (2017)

SEY is an intrinsic material
property strongly sensitive to
the surface composition and

chemical state

SEY of cryogenic surfaces
influenced by gas physisorption:

 Coverage (even at sub-
monolavyer)




SEY

2.2

SEY variation at Cryogenic Temperature
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Adsorbed gas

influences SEY

Kuzucan et al.,

J. Vac. Sci. Technol. A (2012)
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SEY is an intrinsic material
property strongly sensitive to
the surface composition and

chemical state

SEY of cryogenic surfaces
influenced by gas physisorption:

* Coverage (even at sub-
monolayer)

 (Gas Species
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SEY

2.2

SEY variation at Cryogenic Temperature
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is a-C thin film

Kuzucan et al.,
J. Vac. Sci. Technol. A (2012)
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SEY is an intrinsic material
property strongly sensitive to
the surface composition and

chemical state

SEY of cryogenic surfaces
influenced by gas physisorption:

* Coverage (even at sub-
monolayer)
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